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Introduction
Expert groups have coalesced around a roadmap to address the
current COVID-19 pandemic centered on social distancing, mon-
itoring case counts and health care capacity, and, eventually,
moving to pharmaceutical interventions. However, responsibility
for navigating the pandemic response falls largely on state and
local officials. To make equitable decisions on allocating resour-
ces, caring for vulnerable subpopulations, and implementing
local- and state-level interventions, access to current pandemic
data and key vulnerabilities at the community level are essential
(National Academies of Sciences, Engineering, and Medicine
2020). Although numerous predictive models and interactive
monitoring applications have been developed using pandemic-
related data sets (Wynants et al. 2020), their capacity to aid in
dynamic, community-level decision-making is limited. We devel-
oped the interactive COVID-19 Pandemic Vulnerability Index
(PVI) Dashboard (https://covid19pvi.niehs.nih.gov/) to address
this need by presenting a visual synthesis of dynamic information
at the county level to monitor disease trajectories, communicate
local vulnerabilities, forecast key outcomes, and guide informed
responses (Figure 1).

Methods
The current PVI model integrates multiple data streams into an
overall score derived from 12 key indicators—including well-
established, general vulnerability factors for public health, plus
emerging factors relevant to the pandemic—distributed across
four domains: current infection rates, baseline population concen-
tration, current interventions, and health and environmental vul-
nerabilities. The PVI profiles translate numerical results into
visual representations, with each vulnerability factor represented
as a component slice of a radar chart (Figure 2). The PVI profile
for each county is calculated using the Toxicological
Prioritization Index (ToxPi) framework for data integration
within a geospatial context (Marvel et al. 2018; Bhandari et al.
2020). Data sources in the current model (version 11.2.1) include

the Social Vulnerability Index (SVI) of the Centers for Disease
Control and Prevention (CDC) for emergency response and haz-
ard mitigation planning (Horney et al. 2017), testing rates from
the COVID Tracking Project (Atlantic Monthly Group 2020),
social distancing metrics from mobile device data (https://www.
unacast.com/covid19/social-distancing-scoreboard), and dynamic
measures of disease spread and case numbers (https://usafacts.org/
issues/coronavirus/). Methodological details concerning the inte-
gration of data streams—plus the complete, daily time series of all
source data since February 2020 and resultant PVI scores—are
maintained on the public Github project page (COVID19PVI
2020). Over this period, the PVI has been strongly associated with
key vulnerability-related outcome metrics (by rank-correlation),
with updates of its performance assessment posted with model
updates alongside data at the Github project page (COVID19PVI
2020).

In addition to the PVI itself—which is a summary, human-
centric visualization of relative vulnerability drivers—the dash-
board is supported by rigorous statistical modeling of the under-
lying data to enable quantitative analysis and provide short-
term, local predictions of cases and deaths [complete methodo-
logical details are maintained at the Github project page
(COVID19PVI 2020)]. Generalized linear models of cumula-
tive outcome data indicated that, after population size, the most
significant predictors were the proportion of Black residents,
mean fine particulate matter [particulate matter ≤2:5 lm in di-
ameter (PM2:5)], percentage of population with insurance cover-
age (which was positively associated), and proportion of
Hispanic residents. The local predictions of cases and deaths
(see the “Predictions” panel in Figure 1) are updated daily using
a Bayesian spatiotemporal random-effects model to build fore-
casts up to 2 weeks out.

Discussion
The PVI Dashboard supports decision-making and dynamic mon-
itoring in several ways. The display can be tailored to add or
remove layers of information, filtered by region (e.g., all counties
within a state) or clustered by profile shape similarity. The time-
lines for both PVI models and observed COVID-19 outcomes
facilitate tracking the impact of interventions and directing local
resource allocations. The “Predictions” panel (Figure 1) connects
these historical numbers to local forecasts of cases and deaths.
By communicating an integrated concept of vulnerability that
considers both dynamic (infection rate and interventions) and
static (community population and health care characteristics)
drivers, the interactive dashboard can promote buy-in from
diverse audiences, which is necessary for effective public health
interventions. This messaging can assist in addressing known
racial disparities in COVID-19 case and death rates (Tan et al.
2020) or populations, and the PVI Dashboard is part of the
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“Unique Populations” tab of the CDC’s COVID-19 Data
Tracker (https://covid.cdc.gov/covid-data-tracker). By filtering
the display to highlight vulnerability drivers within an overall
score context, the dashboard can inform targeted interventions
for specific localities.

Unfortunately, the pandemic endures across the United
States, with broad disparities based on the local environment
(Tan et al. 2020). We present the PVI Dashboard as a dynamic
container for contextualizing these disparities. It is a modular
tool that will evolve to incorporate new data sources and

Figure 1. COVID-19 PVI Dashboard. Dashboard screenshot displaying PVI profiles atop a choropleth map layer indicating overall COVID-19 PVI rank.
The PVI Scorecard and associated data for Clarendon County, South Carolina, has been selected. The scorecard summarizes the overall PVI score and
rank compared with all 3,142 U.S. counties on each indicator slice. The scrollable score distributions at left compare the selected county PVI to the dis-
tributions of overall and slice-wise scores across the United States. The panels below the map are populated with county-specific information on
observed trends in cases and deaths, cumulative numbers for the county, historical timelines (for cumulative cases, cumulative deaths, PVI, and PVI
rank), daily case and death counts for the most recent 14-d period, and a 14-d forecast of predicted cases and deaths. The information displayed for both
observed COVID-19 data and PVI layers is scrollable back through March 2020. Documentation of additional features and usage, including advanced
options (accessible via the collapsed menu at the upper left), is provided in a Quick Start Guide (linked at the upper right corner). Note: Pop, population;
PVI, Pandemic Vulnerability Index.
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analytics as they emerge (e.g., concurrent flu infections, school
and business reopening statistics, heterogeneous public health
practices). This flexibility positions it well as a resource for
integrated prioritization of eventual vaccine distribution and
monitoring its local impact. The PVI Dashboard can empower
local and state officials to take informed action to combat the
pandemic by communicating interactive, visual profiles of vul-
nerability atop an underlying statistical framework that enables
the comparison of counties and the evaluation of the PVI’s
component data.
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